Objective: Herbicides are used worldwide by both residential and agricultural users. Due to the statistical analysis of some epidemiologic studies the International Agency for Research on Cancer classified the broad-spectrum herbicide glyphosate (GS) in 2015, as potentially carcinogenic to humans especially with respect to non-Hodgkin lymphoma (NHL). In this systematic review and re-analysis, the relationship between glyphosate and NHL was reinvestigated.
Introduction
Historically, Marcell Malpighi (1628 Malpighi ( -1694 described in 1666 as one of the first authors Hodgkin lymphoma (HL) in his publication: De viscerum structura exercitatio anatomica (Malpighi, 1666) . Centuries later, the English physician Thomas Hodgkin (1798-1866) of Guy's Hospital, London, published 1832 a remarkable paper entitled as "On some morbid cases of the absorbent glands and spleen" (Hodgkin, 1832) and described a new disease, in medical literature known through the use of the term 'Hodgkin's disease' (Wilks, 1865) . Lymphomas are traditionally divided into non-Hodgkin lymphoma and Hodgkin's lymphoma, which are responsible for about 10% of all lymphomas (Armitage, Gascoyne, Lunning, & Cavalli, 2017) and known since centuries too. Independently of Hodgkin, the non-Hodgkin lymphoma i. e. leukaemia were described by Virchow (Virchow, 1845) , Bennett (Bennett, 1845) and by Cohnheim (Cohnheim, 1865) under the descriptive term `pseudoleukaemia. Non-Hodgkin lymphoma (NHL) is a group of blood cancers with a wide range of histological appearances and clinical features at presentation which includes all different types of lymphoma but Hodgkin's lymphomas. The first systematic and widely accepted classification of lymphomas other than Hodgkin was proposed by Henry Rappaport in 1956 (Rappaport, 1966 . Meanwhile, NHL is the leading hematological malignancy worldwide. Non-Hodgkin lymphoma (also known as non-Hodgkin's lymphoma, NHL, or sometimes just lymphoma) starts when white blood cells called (B-or T-) lymphocytes begin to grow out of control. NHL can start anywhere in the body but is usually found in lymph nodes or other lymph tissues (spleen, bone marrow, thymus, adenoids and tonsils, digestive tract). Several NHL risk factors like age, gender, family history, weakened immune system, radiation exposure, exposure to certain chemicals and drugs and glyphosate too have been discussed in literature, but the cause or a cause of NHL has not been identified. Glyphosate inhibits the enzyme 5-enolpyruvylshikimate-3-phosphate synthase (Steinrücken & Amrhein, 1980) , which is responsible via a mechanism specific to plants for the biosynthesis of aromatic amino acids like phenylalanine, tyrosine, and tryptophan. Questions regarding the safety of glyphosate, its major breakdown product aminomethylphosphonic acid (AMPA) and the predominant surfactant polyethoxylated tallow amine (POEA) have been periodically raised (Olorunsogo, Bababunmi, & Bassir, 1979) (Hietanen, Linnainmaa, & Vainio, 1983) (Yousef et al., 1995) (Bolognesi et al., 1997) (Lioi, Scarfì, et al., 1998) (Lioi, Scarfi, et al., 1998) (Peluso, Munnia, Bolognesi, & Parodi, 1998) (Walsh, McCormick, Martin, & Stocco, 2000) (Daruich, Zirulnik, & Gimenez, 2001 ) (El-Demerdash, Yousef, & Elagamy, 2001) raised. In the following, different studies have been conducted by several regulatory agencies and scientific institutions worldwide to re-evaluate the relationship between glyphosate and some parameters.
Glyphosate had no effects on fertility or reproductive parameters, there was no convincing evidence for direct DNA damage in vitro or in vivo, and neither AMPA nor glyphosate bioaccumulates in any animal tissue (Williams et al., 2000) . Nevertheless, the question whether Glyphosate does pose a health risk to humans has not been finally answered. Thus far, considering use of glyphosate in both the United States and the rest of the world, an ongoing risk assessment is necessary. Here we have re-investigated the relationship between GS and NHL by some new statistical methods.
Material and Methods
In one way or another, testing hypotheses and theories about the natural world is not completely free of errors. Still, when all goes well, systematic observation and experimentation should assure that different scientists at different times and places are able to generate the same scientific knowledge.
Definitions
Definition 2.1.1. (The 2x2 Table) A two by two table (also called a contingency table, a notion first used by Karl Pearson(K. Pearson, 1904) in 1904) is a useful tool for examining relationships between Bernoulli (i. e. Binomial) distributed random variables. Consider the case of a Bernoulli distributed random variable At occurring/existing et cetera with the probability p(At) at the Bernoulli trial (period of time) t. Furthermore, consider the case of another Bernoulli distributed random variable Bt occurring/existing et cetera with the probability p(Bt) at the same Bernoulli trial (period of time) t. Furthermore, let p(at)= p(At Ç Bt) denote the joint probability distribution of At and Bt at the same Bernoulli trial (period of time) t. The following 
In this context, it is per definitionem
while +1 denotes the normalized sample space of At and Bt. We obtain some of the relationships per definitionem
The meaning of the abbreviations a, b, c, d, n et cetera are explained by following 2 by 2-table (Table 2) . (Fisher, 1922) developed an exact statistical significance test for the analysis of contingency tables valid for all sample sizes and demonstrated that the probability was given by the hypergeometric distribution as 789:;< ( ) = @2 3 × 2 3A / 2 3 = @2 3 × 2 3A / 2 3 = 
Definition 2.
(Fisher's exact test for the necessary condition)
Under conditions of a conditio sine qua non relationship, we expect that c = 0 as illustrated by the following table (Table 4) . 
The Fisher exact test statistic for the conditio sine qua non relationship is calculated as Under conditions of a exclusion relationship, we expect that a = 0 as illustrated by the following table (Table 5 ). 
The Fisher exact test statistic for the exclusion relationship is calculated as
Material

Search Strategy
To answer the questions addressed in this paper, the electronic database PubMed was searched for appropriate studies conducted in any country which investigated the relationship between glyphosate and NHL. The search in PubMed was performed while using some medical key words. Those articles were considered for a re-view which provided access to data without any data access barrier. Additionally, the reference list of identified articles was used as a potential source of articles appropriate for this study. Preferred Reporting Items for Systematic Reviews and Meta -analysis (PRISMA) ). The screening process and results are shown in Table 6 . 
Identification of records Size Total
Records identified by searching in the databases PubMed 9
Google Scholar 0
Web of Science 0
Additional records identified from other sources 2 11
Clean-up of search (Screening)
Records removed after verifying duplication 0
Records excluded by title 2
Records excluded due to other reasons (Articles outside the inclusion criteria) 2
Eligibility
Articles evaluated for eligibility 7
Articles excluded for various reasons -Language 0 -Data access barriers 0
Included
Articles included in the meta-analysis 7
Flow Diagram of the article selection process. Adopted from PRISMA 2009 Moher et al., 2009 ).
The study of (L. Hardell & Eriksson, 1999) Leon et al. (Leon et al., 2019 ) the Null-hypothesis: without GS no NHL must be rejected. The consequence is, that the use of GS must imply that people will suffer from NHL, which is not the case either.
Statistical Analysis
The causal relationship k (I. Barukčić, , 1997 Barukčić, , 2016a Barukčić, , 2016b Barukčić, , 2017 Barukčić, , 2018a Barukčić, , 2019c ; K. Barukčić & Barukčić, 2016; Hessen, 1928; Korch, 1965 ) is defined at every single event (I. Barukčić, 2016a Barukčić, , 2018b Barukčić, , 2018a Barukčić, , 2019c K. Barukčić & Barukčić, 2016; K. Barukčić, Barukčić, & Barukčić, 2018) , at every single Bernoulli trial (Uspensky, 1937, p. 45) t and was used to proof the data for a causal relationship while the significance was tested by the hypergeometric distribution (HGD) and sometimes by the chi-square distribution (Karl Pearson, 1900) too. The conditio sine qua non (I. Barukčić, 2018d Barukčić, , 1997 Barukčić, , 2017 Barukčić, , 2018a Barukčić, , 2018b Barukčić, , 2019c K. Barukčić & Barukčić, 2016 relationship (SINE) was used to proof the hypothesis, without (I.
Barukčić, 2019d) HCMV infection no AS. The conditio per quam (I. Barukčić, 2018d Barukčić, , 1997 Barukčić, , 2017 Barukčić, , 2018a Barukčić, , 2018b Barukčić, , 2019c K. Barukčić & Barukčić, 2016 was used to proof the hypothesis, if (I. Barukčić, 2019d ) HCMV infection then AS. The necessary and sufficient condition (I. Barukčić, 2018d Barukčić, , 1997 Barukčić, , 2017 Barukčić, , 2018a Barukčić, , 2018b Barukčić, , 2019c  K. Barukčić & Barukčić, 2016 
Claim.
Null Hypothesis:
Glyphosate is neither the cause nor a cause of Non-Hodgkin Lymphoma. In other words, k = 0.
Alternative Hypothesis:
Glyphosate is either the cause or a cause of Non-Hodgkin Lymphoma. In other words, k >0.
Proof.
McDuffie et al. investigated the relationship between exposure to glyphosate of humans with respect to the development of Non-Hodgkin Lymphoma. The data as obtained by McDuffie et al. (McDuffie et al., 2001 ) are view by table 7. Claim.
Null Hypothesis:
Glyphosate is not a cause of Non-Hodgkin Lymphoma. In other words, k = 0.
Alternative Hypothesis:
Glyphosate is a cause of Non-Hodgkin Lymphoma. In other words, k >0.
Proof.
The data as obtained by Hardell, Eriksson, & Nordstrom (Hardell, Eriksson, & Nordstrom, 2002) are viewed by table 8. Table 8 The (Cantor, 1982 ) is due to pesticide exposures in farming. The term pesticide denotes a wide variety of chemicals used to destroy weeds (herbicides), insects (insecticides), and mold (fungicides).
Claim. Null Hypothesis:
Alternative Hypothesis:
Proof.
De Roos et al. investigated the potential health effects of glyphosate in humans with respect of the development of Non-Hodgkin Lymphoma. The data as obtained by De Roos et al. (De Roos et al., 2003) are view by table 9. 
Claim.
Null Hypothesis:
Alternative Hypothesis:
Proof.
De 
Quod erat demonstrandum.
Theorem 3.5. (Glyphosate is neither the cause nor a cause of Non-Hodgkin Lymphoma.)
Eriksson et al. (Eriksson, Hardell, Carlberg, & Akerman, 2008) evaluated the associations between the exposure to the broad-spectrum herbicide glyphosate and cancer incidence in a prospective cohort study of 57,311 applicators in the U.S.
Claim. Null Hypothesis:
Alternative Hypothesis:
Proof.
Eriksson et al. (Eriksson, Hardell, Carlberg, & Akerman, 2008) investigated the potential health effects of glyphosate in humans with respect of the development of Non-Hodgkin Lymphoma.
The data as obtained by Eriksson et al. (Eriksson, Hardell, Carlberg, & Akerman, 2008 ) are view by table 11. Claim.
Null Hypothesis:
Alternative Hypothesis:
Proof.
The study of Orsi et al. (Orsi et al., 2009) The index of independence of the study of Orsi et al. (Orsi et al., 2009 ) is p(IOI) = 0,306 and is of some and equally restricted value to consider these data for the re-analysis for causal relationship and for the re-analysis of the exclusion relationship. The index of unfairness of this study is p(IOU) = 0,588 and indicate to some extent potentially biased data. Altogether, protective effects against NHL. In this case we expect a significant negative causal relationship k, which is given and a significant exclusion relationship, which is given too. The relative frequency of the exclusion relationship between GS and NHL is p (EXCL) = 0,982.
The approximate P Value can be calculated as P Value (EXCL) = 0,017, a significant result.
The significance of these data tested by the Chi-square goodness of fit test (sample size n =680)
X² ( In the large, prospective cohort study of Andreotti et al. (Andreotti et al., 2018 ) the previous (De Roos et al., 2005 ) evaluation of glyphosate with cancer incidence was updated and again no association was apparent between glyphosate and any solid tumors including NHL and its subtypes.
Claim.
Null Hypothesis:
Alternative Hypothesis:
Proof.
The study Claim.
Null Hypothesis:
Epstein-Barr virus infection is a necessary condition of Non-Hodgkin Lymphoma.
In other words, without an Epstein-Barr virus infection no Non-Hodgkin Lymphoma.
Alternative Hypothesis:
Epstein-Barr virus infection is not a necessary condition of Non-Hodgkin Lymphoma.
In other words, a human being can suffer from Non-Hodgkin Lymphoma even if not EpsteinBarr virus positive.
Proof.
The study of Teras et al. investigated the potential role of EBV in non-Hodgkin lymphomas (NHLs). The data as obtained by Teras et al. (Teras et al., 2015) are view by table 14. According to National Cancer Institute, NHL can occur at any age and especially in the childhood (Sandlund, 2015) . There does not appear to be any justifiable reason to assume, that very small children or even newborn children are working somehow with glyphosate frequently or at all. Therefore, no human reason can provide serious evidence of the hypothesis that without GS no NHL. Glyphosate [N-(phosphonomethyl)glycine] has not been and is not a necessary condition for the development of Non-Hodgkin Lymphoma. None of the studies analyzed provided clear evidence of a significant conditio sine qua non relationship (without GS no NHL) between GS and NHL. Two studies (De Roos et al., 2005; Andreotti et al., 2018) were self-contradictory (Table 16 ) on this point. None of the studies analyzed provide non-selfcontradictory results of a cause effect realtionship between GS and NHL. The systematic review and meta-analysis by Chang and Delzell (Chang & Delzell, 2016) examined the relationship between glyphosate exposure and among other, the risk of NHL and was not able to establish a causal relationship between glyphosate exposure and the risk of any type of lymphohematopoietic cancer (LHC) including NHL. In contrast to
Chang and Delzell, the meta-analysis conducted by Zang et al. (Zhang, Rana, Taioli, Shaffer, & Sheppard, 2019) used published human studies on the relationship between exposures to GS and NHL and reported that GS exposure is associated with increased risk of NHL. However, the meta-analysis of Zang et al. is grossly flawed, one-sided and worthless in toto due to several reasons. The data of the most studies considered by Zang et al. (Zhang, Rana, Taioli, Shaffer, & Sheppard, 2019) are self-contradictory and of none or of an extremely limited value, which was ignored by the study group completely. Other possible factors which are causally related to NHL were not considered at all or even to a necessary extent. Statistical methods, far away from being able, to provide anything valuable on the point of issue, were used with the consequence that everything desirable can be proofed as correct, even pure non-sense. The inconsistency of Forest plot (I. Barukčić, 2019b ) supported meta-analysis was ignored completely. The results of this systematic review and meta-analysis suggest that EBV and not glyphosate is causally linked with a wider spectrum of NHL subtypes. Still, this cannot be considered as the final proof of the relationship between EBV and NHL and further and better designed studies are needed to confirm and fully understand the etiology of NHL. Besides of all, as long as no better data are available, it is justified, necessary and allowed to deduce the following conclusion.
Conclusion
Glyphosate is neither a cause nor the cause of Non-Hodgkin Lymphoma.
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